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Bluetooth serial adapters 
This application relates to Bluetooth serial adapters. 

Bluetooth is a recently developed but well known short range radio frequency 
communication standard, system and protocol It is used in many different 
circumstances including, for example, conjmunicatiori between PCs, frohi PCs 
to hand held computers, from mobile telephones to PCs, and from mobile 
telephone handsets to ear pieces. ' * - 

The Bluetooth system or standard as a whole allows a wide range of different 
conununication regimes. It is therefore very flexible and is set up in a very 
generic way to allow use in all of these different ways. This however has the 
side effect that implementing a specific conmaunication system using Bluetooth 
is complex and uses large amounts of computing resources. 

To put this another way, when a fully functional Bluetooth system is used there 
is a huge processing overhead. Such systems are feasible when implemented 
using a relatively powerful computer such as a PC ranning the Windows 
operating system (for which suitable software tools for controlling Bluetooth 
connections exist). The systems are not, however, a practical proposition where 
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processing power is limited. Typical cases where processing power is liniited 
are devices which rely on embedded processors. There is a wide range of 
devices which rely on embedded processors including household, commercial 
and industrial machines and appliances. 

5 

One. particular situation where there is an embedded processor and lunited 
processing capabiUty is in the case of mobile telephones and their ear pieces. 
As mentioned above this is one area where Bluetooth communication is used. 
Here (and in other similar situations) a subset of Bluetooth is used which only 
10 implements specific functions as required. In this case on first activation tiie 
two Bluetooth devices (handset and ear piece) must be "bonded" to one 
another. Once tiiis is done, a connection is made between die two devices and 
communication can proceed. 

15 Bonding is a simple operation for the user, normally just requiring the pressing 
of a button (switch) as the devices are activated. Each Bluetooth device has a 
unique address and during the bonding process tiiese are exchanged. After 
bonding the two devices will "talk" to each other but no other Bluetooth 
device. If it is desired to allow communication between one of the two devices 

20 and a third device, the existing bond must be broken and die new one made by 
appropriate human, usually manual, intervention. 
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This necessity makes such systems unworkable where it is desired to have^ for 
example, a central unit which can communicate with a plurality of peripheral 
units via one Bluetooth connection device at the central unit. Manual • 
intervention would be needed each time it was desired to stop communicating 
5 with one peripheral unit in favour of another. 

Figure 1 is a diagram showing the layers of a "dumb" serial cable replacement 
Bluetooth device that might be used in a simplified Bluetooth communication 
system of the type described above. 

Based on the state of the 'Switch', the layer labelled "Serial Cable Replacement 
Virtual Machine App" is in one of two modes. In one mode, it allows other 
Bluetooth devices to be detected and if a *twin' is detected, then it bonds to that 
device. In the other mode, if it has details of a previously bonded remote 
15 device, then it will attempt to make a Bluetooth connection with it. It will retry 
continually until a connection is established. 

Once connection is established all 'Application* data at the serial port is 
transparently presented at the RF interface using a serial port profile routed via 
the RFCOMM layer. When a connection does not exist, the data from the 
20 application is dumped. 
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An alternative way to enable Bluetooth communication from a device having 
an embedded processor is to provide a system where the processing is carried 
out on the embedded processor or an associated processor in the device and a 
separate generic Bluetooth connection device is used. This is analogous to 
systems where the necessary processing and implementation is carried out by a 
Windows PC. However, a large amount of programming and/or 
hardware/firmware changes are required if this route is followed. 

In this scenario, the upper layers of the Bluetooth stack reside in the device 
having the embedded processor (host device). This system will require 
Bluetooth qualification. In addition, the task of porting the upper layers of the 
stack onto the host device is not trivial. More functionality can be achieved but 
the work required as compared to the above solution is many orders of 
magnitude larger. In addition higher processing demands will be made of tiie 
embedded processor. Figure 2 shows the layers in the host device and the 
Bluetooth device in such a system. 

It is an object of this invention to provide a methods, systems and apparatus 
for easing Bluetooth communication with devices having limited processing 
capabilities. 
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According to one aspect of the present invention there is provided a Bluetooth 
serial adapter comprising a Bluetooth connection module for conducting 
Bluetooth communication with another Bluetooth enabled device, a serial 
connector allowing connection of a serial cable between the adapter and a 
5 device having a serial port, and a serial to Bluetooth interface arranged for: 
receiving serial connection control coromands input via the serial connector; 
mapping received serial connection control commands to Bluetooth connectioti 
control events; and 

outputting the so determined Bluetooth connection control events to the 
10 Bluetooth coimection module. 

According to another aspect of the present invention there is provided a 
Bluetooth serial adapter comprising a Bluetooth connection module for 
conducting Bluetooth communication with another Bluetooth enabled device, a 
15 serial connector allowing connection of a serial cable between the adapter and 
a device having a serial port, and a serial to Bluetooth interface arranged for: 
receiving Bluetooth connection control events from the Bluetooth connection 
module; 

mapping received Bluetooth connection control events to serial connection 
20 control conmiands; and 

outputting the so determined serial connection control commands to the serial 
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connector for onward transmission to a device having a serial port. 

• According to another aspect of the present invention there is provided a method 
of communicating via a Bluetooth connection using a device with a serial port, 

5 comprising the step of using a Bluetooth serial adapter comprising a Bluetooth 
connection module for conducting Bluetooth communication with another 
Bluetooth enabled device, a serial connector connected via a serial cable f o the 
device having a serial port, and a serial to Bluetooth interface, the method 
further comprising the serial to Bluetooth interface carrying out the steps of: 

10 receiving serial connection control commands from the device via the serial 
cable; 

mapping received serial connection control conomands to Bluetooth coimection 
control events; and 

outputting the so determined Bluetooth connection control events to the 
15 Bluetooth connection module. 

AccorcHng to another aspect of the present invention tiiere is provided a method 
of communicating via a Bluetooth connection using a device with a serial port, 
comprising the step of using a Bluetooth serial adapter comprising a Bluetooth 
20 connection module for conducting Bluetooth communication with another 

Bluetooth enabled device, a serial connector connected via a serial cable to the 
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device having a serial port, and a serial to Bluetooth interface, the method 
further comprising the serial to Bluetooth interface carrying out the steps of: 
• receiving Bluetooth connection control events from the Bluetooth connection 
module; 

5 mapping received Bluetooth connection control events to serial connection 
. control commands; and 
outputting the so determined serial connection corittol comniailds via the serial, 
cable to the device having a serial port. 

10 It will be appreciated that the interface can work in both directions within a 
given device. That is to say Bluetooth and serial connection control 
events/commands can be sent and received in both directions and mapping can 
be carried out. in both directions during the operation of the adapter. 

15 According to another aspect of the present invention there is provided a virtual 
serial connection system between two devices each of which has a serial port, 
the system comprising a pair of Bluetooth serial adapters as defined above, one 
of the adapters being connected to a first of the devices via a first serial cable 
and the other of the adapters being coimected to the second of the devices via a 

20 second serial cable, wherein the virtual serial connection is completed by 
Bluetooth conununication between the two Bluetooth serial adapters. 
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It should be noted that in other aspecte of the invention a Bluetooth serial 
adapter as defined above may be used in communication with another type 
■ Bluetooth enabled device. This is on the basis that the other Bluetooth enabled 
device is operated in a way which is compatible with the Bluetooth serial 
5 adapter. 

The set of serial connection fcontrol coimiands can be chosen to suit a specific 
implementation. Typically the set of commands will be limited compared with 
the vast array of events and capabilities provided in Bluetooth. Thus whilst 

10 each serial connection control command is mapped to a corresponding 

Bluetooth event, in a typical implementation there will be a vast number of 
Bluetooth events that have no corresponding serial connection control 
command. Clearly such events cannot be used within the corresponding system 
or method. However the point is that in faciUtating a virtual serial connection, 

15 which is tiie main objective here, tiie vast majority of the Bluetootii capabilities 
are irrelevant. 

The reduced and simpUfied command set dramatically simpUfles tiie process of 
reconfiguring a device having a serial port so as to be able to function with a 
20 serial adapter of the present application and thereby facilitate the use of a 
Bluetooth connection. On one hand the programming or alterations in 
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hardware/finnware needed in the device to allow it to issue and receive 
appropriate commands is minimised and on the other hand the amount of 
-processing which the device has to carry out is also reduced. 

5 In effect this processing and reconfiguration burden is taken on in the 
development and operation of the adapter. As such a major part of the 
reconfiguration effort has to be carried out only once - in the development of 
the adapter which can be easily used with other devices. Further in each case 
the overall processing required has been cut down by the development of an 

10 adapter designed to perform a specific task and some of this processing is 
carried out by the adapter itself to further reduce that required in the device 
having the serial port. 

The present application is concerned with the protocols/conomands used in 
15 controlling a connection between two devices using a Bluetooth connection. 
Once a connection is established the serial adapter has performed its function. 
The protocols etc used for transmitting data itself are a separate issue with 
which this application is not concerned. 

20 In preferred embodiments of the invention the serial connection control 

commands comprise a conamand set having conmiands which are analogous to 
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or more preferably still are direcfly related to or substantially identical to 
commands used in an industry standard command set used in controlling 
Modem connections. This can allow the serial adapter to accept commands . 
from and issue commands to Modems or devices configured to exchange such 
5 commands with Modems. 

There are likely to be cases where there is a need ior commands to be 
communicated between the adapter and devices which are not by default ready 
to accept industry standard Modem commands. In the case of such devices 
10 reconfiguration/programming will be required but this would be trae whatever 
the command set used so this is no disadvantage. Moreover fanoiliarity with the 
Modem commands is likely to ease the reconfiguration/programming process- 



A command set known as the AT command set, originally developed by 
15 Hayes, is currentiy the most widely used command set for controlling Modem 
connections. Preferably the serial connection control commands comprise a set 
of AT commands. These would be familiar to developers/prograrmners and 
would be recognised by AT compatible Modems and other devices. It is 
unlikely to be necessary to use the complete AT command set or protocol in a 
20 system of the present kind. 
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The serial connection control commands may comprise the set of commands or 
a subset of the commands mentioned and explained in section 3.2 of Annex 1 
. to the description of this application. The serial connection control comnoands 
may comprise a modified set of commands based on the set of commands or a 
5 subset of the commands mentioned and explained in section 3.2 of Annex 1 to 
the description of this application. The modifications* may . comprise replacing 
the generic root "AT" (or part of this root) with another root for example "BT" 
or "TDK". 

10 Typically, the Bluetooth connection module comprises a Bluetooth chip. At 
least some standard Bluetooth chips carry a programmable virtual machine 
which may be used to perform secondary functions. In one set of preferred 
embodiments the serial to Bluetooth interface is implemented by appropriately 
programming the virtual machine provided on a the Bluetooth chip. 

15 

This leads to a particularly efficient solution. The functionality provided by the 
virtual machine is particularly suited to performing the mapping operation. 
Further, in many current implementations little or no use is made of the 
processing power available via the virtual machine. 

20 

According to another aspect of this invention there is provided a computer 
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program comprising code portion which when loaded and run on computer 
means cause the computer means to carry out any one of the methods defined 
above. The program may be carried on a computer readable data carrier such as 
a signal or a record medium for example RAM, ROM. EEPROM, a floppy 
5 disk, a hard disk, or a CD-ROM. 

» •• ■• V . 
Embodiiients of the present invention will now be described, by way of 

example only, with reference to the accompanying drawings in which: 

10 Figure 1 shows the layers in a prior art "dumb" serial cable replacement 
Bluetooth communicadon device; 

Figure 2 shows the layers in a host device and Bluetooth device in an 
alternative Bluetooth communication system, where part of the Bluetooth stack 
resides on the host device; 

15 Figure 3 is a simpUfied schematic representation of a communication system 
including Bluetooth serial adapters embodying the present invention; 
Figure 4 shows the layers in a Bluetooth AT Serial Module acting as a 
Bluetooth serial adapter embodying the present invention; and 
Figure 5 schematically shows an appUcation for Bluetooth AT Serial Modules 

20 embodying the present invention. 
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Figure 3 schematically shows a communication system where two host devices 
1 having embedded microprocessors (not shown) and serial ports SP, are 
connected to one another to allow the transmission of data therebetween. 

5 If it were not desired to use a wireless connection, the two devices could be 
connected directly to one another via a serial cable. .However, wireless 
connections carry with them advantages such as eliminating the need to route 
or re-route cabling, . . 

10 The present application is concerned with allowing the replacement of serial 
cable connections with wireless connections and particularly Bluetooth 
connections. The ideas of the present application are particularly useful where 
the devices to be connected have embedded processors. Such devices tend to 
have limited processing capabilities. Further there is generally a desire to 

15 minimise the reconfiguration and/or reprogranmiing of such embedded 
processors. 

In the system shown in Figure 3, each device is connected via a respective 
serial cable C to a serial port SP of a respective Bluetooth serial adapter. 2. The 
20 Bluetooth serial adapters 2 are Bluetooth enabled devices and data can be 
transmitted between the adapters 2 via Bluetooth radio frequency signals 3. 
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The functioning of the connection system will be discussed below but at this 
point it should be noted that as far as the host devices 1 are concerned, once a 
connection exists via the adapters 2 this is indistinguishable from a direct serial 
cable connection. The connection system shown in Figure 3. thus emulates a 
direct serial cable connection and can be considered as a virtual serial cable 
connection. 

Each Bluetootii serial adapter 2 comprises a Bluetooth connection module 21 
including an antenna 22 which is arranged for transmitting and receiving 
Bluetooth radio frequency signals. Connected between tfie serial port SP and 
tiie Bluetootii connection module 21 is a serial to Bluetootii interface 23. 

It should be appreciated tiiat whilst tiie connection module 21 and interface 23 
are shown as separate components in Figure 3 tius is merely to aid 
understanding. In some implementations tiie connection module 21 and 
interface 23 may be implemented by separate items of software controlled 
hardware. In otiier implementation tiiis functional separation between tiie 
connection module 21 and interface 23 may not be reflected by any clear 
physical separation of hardware and/or software components. 



At least some standard Bluetootii chips arc provided witii a programmi 
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virtual machine for carrying out secondary functions. In a prefOTed 
implementation, used in the appUcanfs Bluetooth AT Serial Module, a 
Bluetooth chip (not shown) having such a virtual machine is chosen to drive- 
the connection 21. The functions of the interface 23 are then carried out by 
5 appropriately programming the virtual machine provided on the Bluetooth chip. 

As part of the system there is defined a commitod set arranged to allow each 
device 1 to enable and control connection via its respective adapter 2. These 
commands may be referred to as serial connection control conamands. The 
10 command set in this embodiment comprises a selection of commands which are 
based on the industry standard Hayes AT coiranand set used in controUing 
Modem connections. 

Each host device 1 is either a Modem (or other device) pre-configured to use 
15 the appropriate command set or is a device that must be 

re-configured/programmed to use the appropriate command set. Once either of 
the above two possibilities is satisfied the host device 1 can enable and further 
control the connection by issuing the appropriate commands. 

20 Thg serial to Bluetooth interface 23 operates to receive the commands from the 
host device 1 via the serial port SP and based on these issues appropriate 
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controlUng instructions to the Bluetooth connection module 21, these 
instructions may be referred to as Bluetooth connection control events. In effect 
the serial to Bluetooth interface 23 maps serial connection control commands to 
Bluetooth connection control events. 

In the preferred implementation, where the programmed Bluetooth virtual 
machine is used, serial conriection control comroahds are received and 
processed by the programmed virtual machine and appropriate controlling 
signals are output by the machine to control the Bluetooth chip proper. 



The above processes all work in reverse. That is to say Bluetooth connection 
control events received by the interface 23 from the Bluetooth connection 
module are processed and in effect converted to or mapped to corresponding 
serial connection control commands which can be output to the respective 
15 device 1. 

These processes occur in both adapters 2 to enable and control the connection 
between the two host devices 1. 



20 



More details of the command set used in one embodiment, the appUcanfs 
Bluetooth AT Serial Module, and examples of when and how these conunands 
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are used are given in the attached annex 1 to the description entitled "Technical 
Proposal - Intelligent Bluetooth Serial Adapter". 

It will be appreciated that the conmiand set used may be modified slightly in 
5 various ways. If modifications are made it is preferred that the general structure 
of the conmiands is kept the same so that familiarity with the AT protocol aids 
programining. Therefore the generic root **AT" of the conmiands might be 
changed to say "BT" or "TDK". 

10 A disadvantage of moving away from the AT based conmiand set is that the 
conmaand set will then not be usable by existing AT compatible devices 
without some modification. However this is not an insurmountable problem. 



Figure 4 illustrates the layers in a Bluetooth AT Serial Module which acts as a 
15 Bluetooth serial adapter 2 of the same general type shown in Figure 3 and in 
which the interface is implemented by appropriately programming the 
Bluetooth chip virtual machine. It will be noted that the program provided on 
the virtual machine adds a layer "AT Protocol Virtual Machine App" to the 
communication system. This can be seen as replacing a corresponding virtual 
20 machine layer in the "dumb" serial cable replacement Bluetooth device as 
shown in Figure 1. 
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On power up, the "AT Protocol" layer initialises into an idle state. In this state 
there is no Bluetooth connection, and it is continually monitoring the 
•Application Data'. If the data arriving from the application is a valid "AT 
command then it is actioned. There are 'AT commands which allow actions 
5 such as; perform a Bluetooth Inquiry; Set Local Friendly Name; create 
Bluetooth Connections; destroy existing connections etc, 

. When the 'AT Protocol' layer is in the connected state, all application data is 
routed via RFCOMM to the RF layer for onward transmission to the remote 
10 deyice via the Bluetooth connection. 

The system illustrated in Figure 1 has been described as a "dumb" serial cable 
replacement Bluetooth device, in contrast to this, the Bluetooth serial adapters 
of the present application, for example the Bluetooth AT Serial Module, 
15 provide an "intelligent" serial cable replacement. When a serial cable is 

replaced by the present system there is no need for a pair Bluetooth devices to 
bond to one another. Through the use of the command set it is possible to 
establish and temiinate connections as and when required. 



20 Moreover the present system simplifies the controls and processing needed in 
the host devices such that embedded processors can readily deal with the 
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necessary processing and the reconfiguration/reprogramming needed in host 
devices is kept to manageable levels. 

These factors make the use of Bluetooth connections feasible in a whole new 
set of circumstances- It becomes possible to have a central device with one 
Bluetooth connection device (for example a Bluetooth AT Serial Module) 
which can communicate periodically with a plurality of other devices having 
Bluetooth AT Serial Modules. Communication between the central device and 
the other devices can be time multiplexed. 

This of course can be achieved wittiout human intervention and particularly 
without manual intervention at the site of each of the other devices. Moreover 
this is realised using self contained units - for example Bluetooth AT Serial 
Modules - rather than using separate, external, and expensive, processing power 
and systems that are required in techniques relying on the use of PCs running 
Windows, The self contained units (stand-alone modules) also include the 
necessary antenna. 

Figure 5 schematically shows a system in which Bluetooth AT Serial Modules 
of the type described above with reference to Figure 4 can be used to gather 
information from a plurality of devices via Bluetooth connections. 
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In the system of Figure 5 there is a central unit 100 comprising a Modem 101 
connected via a serial cable to a Bluetooth AT Serial Module 102. The central 
unit is provided in a games arcade wheare there are a plurality of games 
machine 104. Only three games machines are shown in Figure 5, but in 
5 practice there might be a far larger number. Each games machine 104 is 
connected via serial cable to a respective Bluetooth AT Serial Module 102. 

Information concerning the operation of each games machine 104 is recorded at 
the respective games machine 104. This information might for example include 
10 the amount of money in the machine's cash box. We assume that there is a 
desire to log and/or review the information at a computer HQ at a central 
location which is accessible via the modem 101. 

During an initiation stage the Bluetooth AT Serial Module 102 at each games 
15 machine 104 is set into an autolisten state by the respective games machine 

104 issuing appropriate AT commands. The Bluetooth AT Serial Modules 102 
remain in this state and therefore are always ready to receive and send data 
over the Bluetoodi connection 3 to the central unit 100. 

20 In gathering the desired information, the computer HQ at the central location 
can make a connection to each games machine 104 in turn. When a connection 
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is initiated by the computer HQ, first a connection must be established between 
the computer, its Modem, and the Modem 101 of the central unit 100. Then the 
Modem -101 of the central unit 100 issues AT commands to the central unit-s 
Bluetooth AT Serial Module 102. These commands include the identity of the 

5 games machine 104 to which connection should be made - games machine 1 in 
the first instance.. Appropriate Bluetooth signals are then transmitted from the 
central unit 100 and detected by the Bluetooth AT Serial Module 102 of each 
games machine 104. However, due to the identity of games machine 1 being 
included in the signals, appropriate AT conmaands will only be exchanged 

10 between games machine 1 and its Bluetooth AT Serial Module 102 so setting 
up the connection between the central computer HQ and games machine 1. 
Once the connection is in place data can be transferred from games machine 1 
to the central computer HQ. 

15 Once this transmission is complete connection to games machine 2 can be 
initiated and so on. 

In alternatives a more complex interleaved time multiplexing system may be 
used where it is inappropriate to allow whole sets of data to be transmitted in 
20 one block. Time slots may be allocated to each device once per successive 
predeteraained periods. In general terms there is little limit to how the 
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capabilities provided by the present system may be used. 

Other situations where systems of the present application, may be used include: 
connections between an electronic point of sale device and a number of 
5 confectionery/drinks dispensers; connections between a remote data logger and 
a Bluetooth enabled mobile telephone and onwards to a central computer; and 
Connections between a central computer and a plurality of pieces of test 
equipment. 
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